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INTRODUCTION

1.1 The purpuse of this report 1s to 1identify specific
projects in energy recovery from agricultural residues in the
Republic of the Sudan. The time set for this activity was one
mentn,  of which one week for home base work anc three weeks
ir January 1986 fer field research, traveling, btriefing anc
debriefing in \ienns. 4An impgortant part cf the field werk was
the collection of relevant reports and tne interiiewing of
persons imvclved in the subject. It appears that there are
several reperts concerning the energy situation in Sudan and
the utilisation of agricultural residues as an energs resour-
ce. bGut that tnev sre not very well krown to most of the
people involved.




SUMMARY AND CONCLUSIONS

2.1 The present report approaches matters of thermochemi-
cal biomass energy conversion in the Republic of the Sudan
from two different sides, first the development of new re-
sources and secondly the improvement of conversion e“ficien-
cies.

2.2 In order to 3ssecss the importance of various possibi-
lities, Chapter IIl reviews the energy consumption in the
whole Sudan. It is concluded that in the field of efficiency
improvement only measures 1n the domestic sector \inciuging
charccal preduction fer househclas mav contribute substan-
tialiv tc a solution for the protiem of geforestation. Pilot
prcjects irn tbicmass fueled industries mav sirengther this
industrial sector. For this reason industrial implementation
possibilities will be investigated as well. Finally, it 1s
concluded that biomass based alternative fuels, whether allo-
cated to industry or households, can be of considerable
importance with respect to a reduction of wood fuel consump-
tion.

2.3 In Chapter 1V the potential contribution of various
options 1s discussed. New resources: It appears that ground-
nut shells are only of minor significance. Bagasse is more

imooriant, The most realistic estirate ¢f 1fs CORUIIDUTITT L0
fuel wooe savinn 1s U.6-1.3 % Dgiec OT Cresseg or :i.0-
carborlzed of the smmUsl o vwoor Sl osomsgmotict, ThE T

faor tr.c zifference 1s tnegt In tns letter oolinn Cgroonicec
SeQesse 18 riwed with molasses. woin 3 opotetisl of ssving -
- LT LT WLJT TLrL TUTEoTILLLT . lITLoT Slilel @il
coneigeral .® mpartance.  Improverent of carbonlsalior e7i4-
ciency: 1t 1is concluded that a programme Lo 1MDTOVE CATLONE-
sation techniques in Sudan cannot contribute to saving of

wood fuel. Domestic fuel wood consumption: In view of the
necessary reduction of fuel wood consumption, the development
of new resources is not enough. However, improvement of
cooking efficiencies can contribute considerably to this

goel. Ircdustrial energy consumption: 1t 1¢ shown that the
5rick  angustry and  tne edibie uil industry are the most
ororissing sectors for more efficient energy use. bBefore the

[§
economic feasibility of improvements 1n the DBrick  10ndusiosy
can ne discussed, research on the Sudanese bric« mawing
technciogy must be carriec out

2.4 Chapter | discusses the state of the art 1n  the
deceicpment of \V8rious new resourtes ‘cctton stalks., bacasse
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tion cf imoroved cockstoves It g8 concludeo that tne econi-
mic feasibility of directly briguetting and «f combinec (

honissticn/briauetting cotton stalks has not vet been su”

ciently stucied . both technoicgres neec Turiher resesrcr.
For the expected pagasse surplus. Dasling is the first neces-
sarv step in case the bagasse 1s tc be usec as & Substitulte
for fuel wooe or charcoal. Suitabre techrncicaiese for the
processing of pagasse exist. The most st Tactive optionc for
the energetic use of groundnut Sheils are cirect combustion
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(in boiler furnaces and in cookstoves’ or combustion after
briquetting (in bakeries and in brick kilns!. The feasibility
of the briquetting technology is not considered i1n the pre-
sent report, but is treatec extensively in Refs. 10 and 23.
Finally, it is concluded that projects aiming at 1intreduction
of more efficient charcoal stoves are in need of a strong

impulse. especially with respect tc the design of ar effi-
cient and cheap model.

2.5 in Chapter \I the economic feasibility of & bagasse
baling plant at Guneid Sugar Factory and of cogenerating heat
and power in cil mills is discussed. It is concludec that
bagesse baling and subseqguent sale to biomass fuelec :incus-
tries 15 a prefitable option. Bagasse bales can be celivered
i Omaurman Industrisl Area at competative prices. Compearec
tc incineration of the bagasse surplus, this option snows a
pay-back time of 0.74 yr. The option of installment of con-
densing turbo-gensets st the sugar factories and sale of
surplus electricity to the grid, as proposed by a World
Bank/UNDP mission (See Ref. 25), 1is still under considera-
tion. It is recommended to consider this option alsc in
relation to the alternative of bagasse baling and sale to
wood fueled industries. The alternative of surplus electri-
city production may be more profitable but is certainly far
more problematic from an organizing point of view. Due to
wart of time during the stsy in Sudarm only general remarks

N

concerring cogenereticn i~ cil milis are made.

el omnendal lCns
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. T¥zr+ o onilebt crnasont g Docesd Syna- Faotery far bonnece
cz.ing  an sele c? racecse Szies to ciomass fuelec Trase-
tries, i

- Strengthen the current cookstove projects with mechanicel

engineering capacity {combustion and industrial design
experts?.

- Continue research on the conditioning of cotton stalks.
with special attention to the design of a cotton coal/mo-
iasses briguette and & suitatle production process.

- Start research of Sudawese brick making tecnnology 1n ora
toc assess tne importance of options for improvement of th
sector.

- Undertake & feasibility stud. of cogeneraticn of heat anc
power 1r vegetable o1l 1ngumtries.
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REVIEW OF ENERGY CONSUMPION

3.1 To get more insight intoc the importance of various
energy resources and wayvs of energy conservation, a review of
energy consumption in the Sudan is given. .n Tacle 3.1 the
most recent estimstes {1980 of the Ministry of Ereray and
Mining are presentec. 85 % of the total energy consumption 1is
in the form of wood. charccal and other biomass, 14 % 1s in
the form of petroleum products and 1 % in the form cof hvdro-
power.

-

adie 3.1 Total energy consusntion in 1980 1n tne Resubiic o the Susan (3T° TOEMS

TOTALSS 1 OF

Sector nyGro- benzene/ iPt Kerosene basoi! [Diesel Furnace \Mood  Charcoa: Dther Vegetatle
power  Avgas 7 Jet Fuel il biomass Qil TOTALSS

Industry - - 0.8 0.9 23,3 b4 100.) 95.9 - 9,5 - 42,3 4.9
Transport - 207,06 - At 9.2 - 21.0 - - - - 370.6 8.2
Agricuiture - - - - 94,5 Smai:i - - - - - 95.5 1.4
viRESTTLC
Tover”
Ler - - el - € - - g.c £t - - I I8
Tooizrani - S T PV - - - - - 4,2 {3
nausensL e - - A7 . el - - o085 LT85, ML o2 $,996.2 )

<
giectricity
beneration 3.8 - - - 21,2 14,4 42,5 - - - - 14,6 2.0
ran e G PR ¢ LB lele I.GReT LBELE S ATTL 8.5 £,959.0  100.0
i
TTaLn L8 T L (.0 T 6T Z 5.0 2%.¢ 7.: 0.1 300,

$: Source: wes lE:
11; Toteis mav not

Petrojeue 1mports from kenvi are evciyoed,
At cue 10 rouncings.

Fosl wood consumntLnr,

2.z There
Lotk  \Ooiume e netional forest resourc
Based on rangom checks a World Bank /UNDF  mi
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total wood consumption in 1980 was 76 million m’ growin

stock which was mainly used as fuel wood: 71 million m

(Ref. 18). This estimate of the Ministry of Energy and Mining
is based on the assumption that the yield of charcoal making
is only 17 % at average. However. recent measurements of
traditional charcoal kilns show a much better performance, to
s yvield of apout 30 % Ref. 11;. Real wood consumption may
therefore be substantially lower. but is at least 50 million
m”.vr growing stock volume. The ficures in Table 2.2 show
that the total wood consumption is much higher than the
allowable cut. On basis of the estimates by the Ministry of
Erergy and Mining the total wood consumction must be reducec
bv 42 % tc equal the estimeted allows:tle cut.

I Tabie 2.1 shows that 80 % of the Sucanese energ:
consumption 1s domestic. 92 % of the energy usec in house-
nolds is in the form of fue]l wood or charcoal. One third of
the erergy used in households is consumed as charcoal. In
Table 3.2 estimates are given of the growing wood stock
volume which is equivalent to this consumption pattern.

Table 3.2 Growing stock volume equivalent to annual wood fuel con-
sumption in sectors

Se=ztcer Annual energs Growing siork volume ecuivglent
1L TOU T
iv.g Laeal” 10 % vaedcte

Domestic fuel
wood consumption 3,366.9 23.5 22.5
Domestic charcoal
consumption 1,763.3 44,1 24.2
Industrizl fuel
wong consumption®>> €5.9 0.7 L.7
Jiner secicrs
~ fuei wood g3.% C.e C.é
- charcoel 87.1 2 Z
TOTAL 5397.1 7i.1 5G.2
st fstimatec prsed on fioures of the Mirgstry of  rners C1ats

Mirang. which assumes 16,6 Y% charcoel comverzion hvieug tef. Lb o,
*+: Hgsed o~ 0 % charccal convercior vielo s measurec O

Saztti and Marlowe Dorré ‘Ref. 1. .
-+-:(Charccel production industry excludec.

P
”

W e R P e e [ G, 4 T .
.- I Zale Lrovices oy U SIETTN O LT <

Im ¢ ™
" v Fining, charcoal o production is not cencidered  gro angugtny.
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from Table 3.2, however, it can be concluded that charcoal
meking consumes a considerable amount of energy. Depending on
the avarage cgrbonisation yield {30-16.6 %' it represents
11.9-31.8 18" m” growing stock per year. A conversion yield
of 30 % must be considered as the maximum attainable. With a
view to wooc saving, charcoal production may not be ignored.

Si1omass fuele? industries

3.5 Compared to the domestic sector 1ndustry consumes
only a minor quantity of fuel wood. Efficiency improvements
in this sector cannot contribute much tc wood seiving. 0On the
other hand a more efficient use of biomass fuels may help to
strengthen individual industries.

3.6 Industries which depend for a substantial part of
their energy consumption on biomass enmergy are (See Table
3.3):

-~ the sugar industry,

- the vegetable o1l industry,

- the brick industry,

- the bakeries.

From these industries only the vegetable oil industry, brick
industry and bakeries use fuel wood. Chapter IV reports about
alternative possibilities in those industries.

L.t Z.. INCUSLILE: ENEIGY CONSOLLIioh I1n 1Tl O oo Tt
Sestor tiectr.- rerrcieum Fiomzes Toral
— - "‘""’"“f’ L I o Yo T of

Bakeries - {0 %:* 4.8 (11 % 39.9 ( 89 % 44.7
Brick kilns - {0% - (0% 37.5 (100 % 37.5
Cement 4.8 (18 %) 21.8 (82 % - (0% 26.6
Ul and scap

ANCUSTT I.6 £ 23.€ 749 % 20.¢€ 4709 I
Sugat indusiry 6.1 &% LGB 33 % B>.% €3 % 135.8
Textiie 1ndustry 9.7 31 %° 21.8 169 % - 0 % 31.5
Cthers - Z6.6 196 % 1z 4% 27.8

.0 ‘he sesiun conciudes  tnet oni thouse  efficiency
mprovenent  meesures' which are Laken in tnhe domeéstic seclor




(including charcoal production for househclds]) may contribute
substantially to a solution to the deforestation problem.
Pilot pronjects in biomass fueled 1industries may strengthen
the industrial sector. Possibilities in this sector will be
inrvastigated as well. Development of alternative fuels,
whether allocated to industrv or househclds. can be of consi-
derable importance with respect to a reduction of wood fuel

censumption,
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POTENTIAL OF YARIOUS POSSIBLE IMPROVEMENTS IN THE ENERGY
SECTOR

Improvements with respect to a reduction of fuel wood con-
sumption

4.1 The consumption of fuel wood can be reduced in three
wavs, viz. i) by developing alternmative fuels, ii) by impro-
ving carbonisation efficiencies in traditional charcoal ma-
king and iii} by introducing a mare efficient cookstove which
is econocmically attractive for potential users.

New resources

4.2 In this chapter the availability of the following
potential alternative fuels is considered:

- cotton stalks,

- bagasse and molasses,

- groundnut shells.

4.3 Several studies have been carried out to assess the
annual amount of cotton stalks which is burnt on the fields
for legal reasons (See Refs. 5, 6, 9, 23, 24, These studies
take more or less account of grazing and of wuse by the

tenants. 4 reliatie es*imgte s an annuel vaeld of 1.C

Sladach Ls COLLON 5l&iw5. wo.il @ 1GWeI heatlang alue cof
1¢.000 wJ ka.this recresente (.3 107108 wr and 1e equivalent
9 Z.1 10T m7 growing stock wocd  per ennurm. hls potentiel
mey  replace 3-4 % of annual wooc fuel consumption  See Table
L.4 Care sugar is producecd by 4 government-owned fac-

tories (at Asselava, Guneid, New Halfa and Sennar: and by one
private company (at Kenana). During the Mission's visit, the
cane sugar rehabilitation programme (as referred to in Ref
25. was near completion. If it 1s successful an enormous
bagasse surplus will develop in the near future. Cane sugar
factories wuse their bagasse for the purpose of cogenerating
process steam and electric power. The latter 1c used fcor mill
npower and fer irrigestion. txceptions are Kenane, which ex-
pcris electricity tc NEC, anc New Helfe which does not need
electricity for irrigation. Befcre the rehatilitation there
was no bagasse surplus. excect 1n New Halfa. for an estimate
of the potential bagasse surplus. Kenans will be left out of
account.

3 Ta prepe s brme mrtpet ol ramzece oomel s Gme o e

of a repcrt. preparec oy lerz and hrLelxam Fef. 12 by craer
of  the Mirastry of Finance anc tconomic Flanning., 1n whict
the feasibilitv of electricity esport by the cane sugar
factcries to AEC is studiec. The siudy 1s baesed or. data
provided by jate amc Lyle, inoa report which 1z the basis of
the rehabilitation programme, and on dats obtained during
field visits., Estimates of the potential bagasse surplus are
vesed on reaslistlc sesumptions concerning the vearly  sugar
proauction, the number of season days, the load factor of the
‘
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varicus sugar factories and mean values for the fibre content
of the cane. With an assumed mean fibre content of 15-19 %,
the potential bagasse §urplus in the government-owned fac-
tories is 200.4-434.3 10" t/yr (mcwb: 0.50}

4.6 Wet bagasse (mcowb: 0.50, LHV: 7,400 kJ/kg' can be
directly combusted to raise process steam and electric power,
Combusted directlty the above quotec bagasse,surplus repre-
sents a thermal energy amount of 35-77 107 TOE/vr. This
amount cannot be used entirely by the sugar factories. Sur-

plus power must be sold to the NEC grid. In this manner the
bagasse does not replace fuel wood, but fuel oil and possi-
bly, if the generators are not run wisely, hvdropower from
the NEC. The latter, of course, would be & dissipation of
resources. The NEA staff tolc the Mission that the option te
raise surplus electric power for export to the grid was not
vet approved of. Since the rehabilitation programme is near
completion, a consideration of other options is very signifi-
cant.

4.7 Other possibilities for processing the bagasse sur-
plus arc: i) baling (mewb: 0.20), ii) briquetting or pel-
leting (mcwb: 0.06) and iii) carbonisation. In all three ways
the bagasse surplus may replace industrial and domestic fuel
wood. The technical and economical feasibility of these op-
tions is discussed irn Chapters \ and VI.

Z.E iToCes: Cf Leling in

to mowo: 0.Z0. Tme potenila

factor U.62 tn Jle=259 107 t in

13,510 «J/kg o See annex 1. f la 0
thermzl  enmero. roprecented o - e,lc : T
P07, vr. which 1s egeivelent to C.31-G085 107 57 growing stcow
‘wood:  per annum, This mav replace C.4-1.23 % of the annuza:

woou consumption.

4.9 In case of briquetting or pelleting the lLagasse, the
mcwb and consquently the bagasse surp‘us reduce to 0.08 and
107.8-233.7 107 t/yr respectively while the LHV 1increases to
15,900 kJ/kg ‘See Anrex 1'. Bagasse briguettrs cor pellets
tnerefore reurecsert a potential of 42-8% 1087 70f-vr, which ic
about the same &s for bagasse baies.

~
=

4. 10 In 1935 & bsgasse carbonisaticn process waz  de.e-
loped 1n Indeonesis ‘Ref. 22 . Im thie crocess cagesse chel-
coal briquettes are made bv mixing vagasse charccal with
mo!asses. The vield in this process is 10C kg briguettes fron
270 «g nagasse mcwb: 0.20 and 100 kg melasses, The amount
Pfonroagettes trov o mrbertan’ty coe e mrec oo e e s e
©5-100 107 t/vr.  Assuming the same _HU as for wood C"arcoai
trizs represents 36-72 107 TO0L.,r. Since thie fuel mey reglece
chrroonl  this amount 1s equivelent to 0.5-1.8 107 m” growing
STk 'woud . wnich 1s 1.0-Z.5 % of tne egnnual  wood fuel
Si

3,11 Usualiy mciasses are not considered as  replacement

for wooo fusel bubls 1nstesd ex & fesource {o! inanc: progut-

tion. and thus es having « poltentizl  for  repliacement  of
| | |
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petrocleum products. However, because of its importance in the
production of the above mentioned fuel briquettes (Sec also
Chapter V), the availibility of molasses demands further
consideration. At present molasses are hardly used in the
Sudan. A negligible part is processed in the animal fodder
industry. The rest is either dumped or exported from Port
Sudan against transportation cost. Assuming that the rehabi-
litation pro .ramme as proposed by Tate and Lyle is success-
fui, the amount of molasses is 266,600 t/yr (Ref. 25.. If
molasses are processed into fuel briquettes, 1its resulting
moisture content can be estimated at 0.10 (mcwb). The corres-
ponding LH\ is estimated at 8,700 kJ/kg (See Annex 1@ and
h'u 3t represents 55 10 TOE yr, which is equivalent tc C.4
10 m’ growing stock (wood:, or 0.5-0.8 % of the annual wood
fuel consumption, However, since the ratio of melasses tc
charccal 1is a limiting factor, it is not likely that this
entire potential can be used in a briquetting industry.

4.12 Schmitt and Siemers (Ref. 23, present an extensive
review of total production and availability of groundnut
shells. Their sources are the Yearbooks of Agricultural Sta-
tistics (1974-1984) and the C..rrent Agricultural Statistics
(1984) from the Ministry of Agriculture, some reports of the
National Energy Administration (Refs. 13-17), as well as
field visits. One of the conclusions is that groundnut pro-
duction is iery unstable ‘due tc irregular rainfall anc

georedation of  cultivetec ng has decreasec CoOnsk

;o

- [ - seves o~ 6 LT - o e e > 2L

Crlala IOTEn everasg? 07 lol.eeo UopDCCIING L= I Ll
~ % AT - [ - C.mce thn ~l e ¢ ey

aDout wll.wul TMVT 8L DTesenc. L nce TilS gec.ing 18 oneltad
Que Lo tne crought., the shes:llng percenisge, which wes ablul
25 ¢ 1 LOUG SE&sOns.  INCreased 1o adGut 3 k. ihersfore. on
Fzeim A€ rhece Figurec, mArcector ammrzl o oroondeot ehell
frocuctien for tne next vea.o fay Do eslinaled LC ot 1Ze 00

o]
t/vr. Another estimave Ref. 6 gives a shell production cf
300,000 t.\vr, but does not elliowm for the production decrease
over the last 10 years. In Ref. 28 a maximum secure shell
supply of 176,000 t/yr is estimated.

4.13 T~ig amount, however, 1s not entirely available fo-
development of a new eneragy source. The reason is that ti._
snells are already parily used as fuel, i.e.. as boiler fuel
:n vegetasle cil mills., as adgitive 1in brack manufacturing
anc ziso for domestic cooking. Though groundnut shells have
nc  nutritionel value. groundnut shells are also partiy usec
as ada:tive *c animal fodder. However, while gssessing the
potential for the development of a new energy source. tnat
part must be considerec as economically competing with & fuel
or. basis nf groungnut shells and cannct pe excluced befcre-

mard fram oegrn 2 o deyveingmest, Trere are o relizbic ectinmter

. of  tme share  ¢f shells which is airesas usec as &  fue€l.
However frc: figures presentes 1n Ref. 12 concerring ne
sheli SUFpl ;5 in the rain fed areas., where shells are scarce-
iy used @e ar sddituve to fooder. one mey conciuce that ot
o oanotne rger of S5 % o+ 10 % . Do, tme shell surpies wnicr
is potentially available for the cevelopment of a new fuel
ran be estimated at about 75.0CC t,»1 .on basis of the pro-
soction figeres of Seheitt ang Sremersn Lowltnoe LRV ol TELOLE
w5 ke tris reoresents 30,100 10D vroor 0.2 107 w7 Croweng
|
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stock (wood) per annum. It may replace 0.3-0.4 % of the
annual wood fuel censumption.

Improvement of traditional carbonisation efficiliencyv

4.14 In Chapter III1 it is shown that the charcoal industry
is an important consumer of energy.. Recent and cautious
research (Ref. 11' shows that the traditional Sudanese kilns
have a very high conversion efficiency of about 0.30 (weig :
of charcoal vs. weight of wood fuel: weights on drv basis .
Therefore it 1is not likelv that signifirant efficiency im-
provements 1in charcoal manufacturing can be realisec.

Improvement cf domestic cuoking efficlency

4,15 In the domestic sector. fuel wood is particularly
used in rural areas, while charcoal is especially used in
u-ban areas. At present no wood stoves are used in Sudan,
instead wood fuel is used in simpie open fires. From Table
3.2 it can be concluded that 95 % of the fuel wood 1s con-
sumed in the domestic sector. Depending on the carbonisaion
efficiency, 51-65 % of this quantity is used in the form of
charcoal. The National Energy Plar 1985-2000 (Ref. 20 shows
that the charcoal demand will grow faster than the wood
demand since urban growth will be faster than rural growth

‘The urb -~ population prefers charcoal rather than wood'. Sc,

the moment bote fuele zre egually i7oortart m;th
fLu€: CONSEIVel.ll, L1 T&s e €hpEllel 1TEL T
ortance of ChRaTCoe. wii: 1NCI2ase Trerefore. I
ts Dricrity 1§ Cl.e” 10 CNarcus. stoues  5ee gisc
-7 he e fficiency ¢©f ope2r flrez hase nel Leen Lm.oestlinelec
ir. the Sudan bHut. contrary to the common opinier tret oz
norme. open fire has less than 6% efficiency (e.g. Fkef. Z5°.

research in other countries shows an average efficiency of
14% (Ref. 3). The traditional Sudarese charcoal stove ic a
simple square metal stove with a metal grid and open draft.
This stove has an efficiency of 18 % {(Ref. 7). With improved
cooketoves these efficiencies car nearly be doubled 'PRef..
tnus reducing the annusl fuel wooc consumption by Wb .
However, tris is g matter of the long term.

4.17 From Table 4.1 conciusions concerninag the importance
of \arious new resources may be drawn. Groundnut shelle are
enl. cf mingr significence. Bagacse 1s more 1mportant. Tne
PR 3 rr,‘» N :'."~,~ I:'.‘*'!"“C- - + e ,,‘r\.'i?":,l‘l"r‘ o o~ < o IR
sa. .70 16 L.é~i.% % baled or pressec or :.0-Z.0 Cerll-
rizec.. ihe rtesson  for trus cifference 1s that certboraccec
hbagasse is mixec with molasses. FPotentially saving 3-4 % of
the annuz. wood fuel consumptior cotton staike zre of congl-
geratle  amporiance.  hote tnet trenspoertalion cost oas o Nt
considerec here. It will depend on the oroduction scale anc
mey be of cons “eratle influence.

1¢ !




Table 4.1 Potential savings obtained by developping new

resources
Resource Potential saving
energy growing  share of annual
stock wood fuel
equivalent consumpt ion
(103 TOE/yr; (103 m3) (%
Cotton stalks 300 21008 BRGNS YIS
Bagasse
- bales 41-86 310-650 .4 -C.B8*
0.6%*-1.3>*
- briquettes/pellets 42-89 318-673 0.4 -0.8**

0.6%*=1,3»*
- charcoal (with

molasses) 36-72 900+ -1800* 1.3» -2.5
500+*-1000** 1.0%*-2.0**

Molasses depending on mixing ratio 1in briquettes
Groundnut shells 30 210 0.3 -0.4**

~+:Besec on 30 % charcceal conversion yi€ig as measured Dy
Jsmegr Sttil and Martowe Dorre mef. 1l
4.18 From reliable investigations by Osman Satti anc Mar-

lowe Dorré (Ref. 11) it may be concluded that a programme to
improve carbonisation techniques in Sudarn cannot contribute
much to saving of wood fuel.

4,19 Irn view of the necessary reduction cof fuel wocd con-
sumgtion, tne development of new resources is certsinly not
enougr. Improvement of cooking efficiencies can contribute

consigeratiy. Priority should be given to charcoal cook-

>
cLo\vpPs.

Cnergy saving in biomass fueled industry

[ Xal 7

4.280 fatles 3.2 and 3.3 show thst baskeries, brick kilns
and  the oil and socap ingustry are the only important biomass
fueling industries. wusing about i % of the total Sudanese
wocd fuel consumpticr. Pessibilities for fuel saving 1n these
industries and for potential utilisation of  agricuituras
residues are investigated and comprehensively discussec 1n @
recent report Hef. 23 , of which the importance 1s empha-
CISEG.




4.21 Concerning traditional bakeries Schmitt and Siemers

suggest the following possible improvements:

- Reduction of the baking temperature and corresponding
prolongation of the baking period,

- Improvement of combustion efficiencies,

- Complete separation of combustion and baking chamber,

- Testirng of alternative fuels from new rescurces.

Since compared to modern efficient ovens the traditiocnsl

Sudanese bakeries show a rather good efficiency, improvements

may be expected to be of minor importance. Also the technical

feasibility of these improvements is not yet known and should

be testecd be“ore implementation. Besides, as many bakeries

turn tc electricity and/or oil, it may be doubted wether

there 1s an economic incentive to implement the above men-

tioned improvements.

4.22 The second important wood fuel consuming industry 1s
brick marufacturing. The energy efficiency of the production
rrocess, if related to the amount of good quality bricks, is
low. The reason is that a large share (up tc about 30 %) of
the bricks is wasted, due to over- or under-burning and/or to
poor quality of the green bricks. This industry can therefore
be improved substantially. Every quality improvement of green
bricks production leads to an improvement of energy efficien-
cv. An improvement of kiln construction and/or firing method
in order to reduce the amount of under- and over-burnt
bricks. however. mignt eventually lower the kiln energy effi-
ciendy. .t is possidle tnat in tnis respect tne present kiins
are  oprimen. Possibilities for improvements of kiln gesign
anc firinc method can onlv be assesseC by means of & researcn
rrogremme in which the bricks are made fron & good mixture cof

Qa -

T.1X

e e pap_— TP P PR

CICETil Telteliel anC weler. snl oele Cri fully &nd
‘. Such g stud, has not yet been undertaxer.
4.23 011 mills need process heat and power. Power 1is

usually generatecd by diesel gensets or taken from the grid.
The installed power ranges from 20-200 kW, depending on mill
size. Process steam is ralsed in steam boilers fueled with
wood or agricultural residues {e.g. groundnut shells® or with
fuel cil. ©Saturated stear pressures range from 3-6 bar.
Unfaortunately there are no dsta available on processing capa-
cities and on process heat and power consumption 1n this
sector. General energy consumption figures for the oil and
csoap industry ‘kef. 18 1ndicaie thet it 1g possible tc bring
heat anc power generaton 1n tune 1n & cogenerating steam
plant., Sudanese 01l mills which cogenerate thelr energ. need

are not known to the Mission. nor sre ‘they mentioned 1in
relevant literature (See Ref.23..

Conclusion

4.24 The brick industry and the edible 01l industrv are
the most promissing sectors for energy use Improvements,
Before the economic feasibility of improvements in the brick
1ndustry can be discussed, research on the Sudanese brick
making tecnnclogy must be carried out. ihe economic feasibi-
lity of cogeneration ain tne egible o1l  inmdustry must  be
further snvestigaeted ~See Chapter V1I,.
|




vV STATE OF THE ART AND FUTURE DEVELOPMENTS IN BIOMASS ENERGY IN
SUDAN

5.1 In this chapter results of past research and present
: projects are reviewed. Also necessary and possible developments
are indicated.

V.1 Direct use and conditioning of fuels from rew resources

Cotton stalks

5.2 T..e use of cutton stalks pas oeen the opbject of
several technical and/or economicsl studies. The following
options have veen considered:

- direct combustion in power plants uuring the harvesting

. season (Ref. 24),

- briquetting (Refs. 6, 24),

- gasification (Ref. 67,

- carbnnisation, whether or not combined with biviquetting of

the charcoal (Refs. 4, 5. 6, 8, 5, 26).

5.3 Ref. z4 presents a system for large-scale ccllection,
trensport and handling of cotton stalks from the Gezira
scheme. chioped in tne field and tramsporied to e (O Mw power
) stimetes fol smeiiel power Ciants C.-
3. OUne cf *he concliysicne ig that

nte
A.pped carton stal'c 1s not economi-

e The ecoromic feasability of & large sceie cricuetiln
fzotery 1y discussec in Ref., 2% “he report describes

briguetting factory with a capa‘. vy of 120,000 t.vr, ccerres-
ponding to an area of £0,000 rfeddans. The estimated cost of
cotton stalks briquettes, nnt including storage of the bri-
quettes, ic abnut 30% too high to be competitive with gascii
fuel for st~am raising ir power plants. Calculations in Ref.

& of the costs of cotton stalkes brigu.tiing show that 1t can
be competi*ive with the price c¢f carbonised cotton stalks.

~
c
G

.5 The proper direct-hriguetting tecnngciogy has not  ve:t
£ -

3
heer escablished. #®ef. € recommends = seriec c¢f Llests with =
ciston press to investigate the variols scientific  aspecte
concerning the phyto-canitarian proble~s.  The Nationza)l Coun-
cil of Research in Khar*oum has acquired & hydraulic piston
rress. Establishment of a pilot plant fo:r cirect br 1quett1n~

- & ,,;L,\.‘ H--"I.,— -4 —~_ E Lpp g - AAm o, e ,r F RS prm e e

Board or Panhad scheme ic recommennel b hnod Ref. & . Luch a
pirlot pisnt n~ffers the possibriity to study tre practica]
probi~ms 1n the whole s stem ¢ well as the ophvto-sanitarian
ZOMLToL gfrohlers.

' 5.6 Ref. 6 reports that only a fluidisec bed gasifier
suitatie for gas:fication of cotton stalks. 7This process
tecnnigasiy  complex, [t 1 eConomllialiy “easibie in DowE
range Jf 250 Kl arc apcve.  Such a unit needs & i, cay cf

Q\
b -
» -t U n
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shredded stalks and is, due to the high cost of transport and
storage. not a suitable solution.

5.7 A reliable technology to meet the ohyto-sanitarian
reguirements is carbonisation. Estimates concerning economi-
cally feasible scales are made in Refs. &4, 5, 6, 9, 26.
Because of high transportation cost, centralised carbonisa-
tion results in high cotteon coal production cost. Large-scale
carbonisation 1s unable to produce a charcozl which 1s compe-
titive with charcoal from wood. Refs. &, 5 and 26 conclude
that small-scale on-the-field carbonisation of cotton stalks
is economically feasible.

5.8 Ref. 5 discusses some designs of simple kilns suit-

tle for the carbonisatior of cotton stalks. Hooc ara Zorge
{Ref., 26 present the design of a new kiln and its performan-
ce in the first trial runs. From the Mission's visits to the
technicians involved in these projects it appears that these
technologies are promissing with respect to cerbonisation
efficiency (30 % has been reached) and quality.

5.9 Though the carbonisation quality 1s good, the quality
of the produced charcoal causes some problems for transport
and combustion in cookstoves. The charcoal is very crisp,
light and probablv more reactive thain charcoal from wood, due
too a larger micre-porosity. Transport is difficult, leading
tc en uneccepiahly  large shere cf fines. (On acccunt of ine
iow  Jdemslts .t .5 iRpUSS1Zuae o put encuon fuslioin @ conwen-
tional cookstove. Tombystion cenditions. and conseguentiyv the
rocie of reactivityv, in chercoal stoves are not vet understoocd

weil. = fact 1s trzt the charccal from cotton stalks burns
o ra—f& Teie megre thel kg e dele) chorrnasl mond e P,—;L-,.“
congitionsg, wiz. briguetted, to meet the reguirements  of

-
transport and use in cookstoves.

5.10 When the Mission visited the projects involved in the
development of cotton charcoal briquetting processes, it
appeared that the influence of reactivity was not yet recog-
nised and distinguished from the influence of density. All
present research 1s aimed at producing charcoal briquettes of
sufficient strength ano cenmsity. Ref. 5 ogescribecs a simpie
charcoal bricuetting press {that can be produced in & vi'lage
woTkshop ' which 1¢ alleged to be the most appropriate device
for on-the-fieic briguettinag of carbonised cotton stalks. In
& resesrch prcject from ERC and SREP & piston briquetting
press 1s being developed ‘Ref. B8). However. the Mission hclds
the opinion that pressing alone cannot affect the micro-
perceity and thus reduce the reactivity,

5..01 Basec or iaborat rium tests perfcrmed by BTG “Twente
ugriaversity of lechnology the Mission expects that the reac-
tivaty of tne otton stalks charcoal can be reduced and the
density  1ncreased sufficlently by mixing the char with cane
sugar mcliasses. In o briguette whicth car. be formed from tne
ground char the molasses serve as a binder as well. The
technology 1s not vet fully developed. Proper molasses/thar-
Cod: falids must DEe 28sesscd ant a pIloduction Process must be




developed. in Chapter III the availibility of molasses 1s
discussed.

Bagasse

5.12 pvaling bagasse is a usual technology, practised i~
many cane sugar producing courtries. Factories have & chouic
between incinerating without making use of its enerc-t.¢

value and baling their surplus in order te store it anc use
it 1later. In Sudan only the sugar factories at Sermnar and
Acselaya have bagasse balers, though at present this equip-
ment 1is not used. Tc assess the fuel cuality the volume
ratio and the weight ratic of bagasse bales versus wooc of
the same heat content are calculated. Ffor two bale types

densities of respectively 355 and 555 kg'm” are reported
{Ref. 22, recalculated to mcwh 0.20°. The LHV of the bales
is 13,510 kJ/kg. That of.Acasia fuel wood is 18,000 kJ/kg and
its density is B00 kg/m” (Ref. 11). Fron thege values it
appears that, with the sgme heat content, 1 m~ of fuel wood
corresponds to 1.9-3.0 m” of bagasse bales and that 1 kg of
wood corresponds to 1.33 kg of bagasse bales. O0On dry basis
the vclatiie matter content of wood and bagasse bales are
about the same. Because these values do not differ too much,
industrial furnaces can be lpoaded sufficientiy when fueling
bagasse bales. Ffor this reason the Mission expects that
bagasse biles of proper size are an excellent replacement of
wood fuel im industrtisl furnaces. without causinc 5 neec for

retrofitianc.  lvDical Dellnc £1zes are: asuxoolxelr mm anc
INONICTNRDD w7, These sitee zre too tig for Zirect Tueling
cf inagustrizl furnaces wath les. If the sunar “actories
decide ‘o rmake bagasse zie fer applianc ir varicus
LLElnier. Lhel TRl ot LLLETC wtllTopTLZuue ST nllul
veles cof aporosimetels SO0 Come”. A a1zt tc a oLl
mill ir Omdurman AL FADL OIL  INDUSTRIZS confirmec N

willingness of the owner to replace fuel wood by Dagasse
bales. He had tried to fuel his process steam boiler with
unprocessed bagasse, which lead to handling problems only.

5.13 The Forestry Administration and the FAO department in
Yhertour. in cooperation with & french comnan., CHAR | de.e-
ioped twe types of & bagasse molasses bricuette. one  from
gried and one from carbonisec bagasse Ref. Z7 . The reir
equipment used are a manual press anc for the cearvoniisec
bricuettez, a2 T " kiln, Tne bri e fror unczr-
ponised bagasse a.2 & sultatle r o

whereas the briquettes made from carbon:
reciace charcoal. Results concernina a
formance 1n domestic use are satisfact

e - - R S P S T . - - PR c e -
Cov L —- 1L LRy - . . H

ment  wes concenmtrated at hew Hilfs suzar factors. wmich,
pefore the rehabilitation., was the only factory with a Dzdes-
se surplus. The Dbagasse surplus at New Halfa was partls
fermen:ec and dried., A large share of the bagssse usec 1n the
manufacture of the uncarbonlsed-tagasse oriquettes was from
this cry stock, <since this materie gave the strongest
briguettes. In case 1n the near future bagasse moclasses
oriquettes are te be produced at cther sugar factories witno
giffering conditicns, the process must be adapted according-

"
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ly. Espe. ially the possibility to use baled bagasse (mcwb
0.20) must be tested, since this is the most likely condition
in which the bagasse can be made available.

5.14 Direct briquetting or peletting of pre-dried bagasse
is not a commonly applied technology. Even though storage
cost of bagasse bales are high, baling is the cheaper alter-
native.

Groundnutshells

15 In the rain fed areas a recent development is the use
of the groundnut shells in oil m1ll boilers for generation of
process steam. The shift from wood fuel tc shells 1s enforced
by rising fuel wood prices. The handling and combusticrn
perfarmance of the shells is guite different from fuel wocc
but causes little problems.

5.16 At some places groundnut shells are combusted di-
rectly in a cookstove of a special design. A sketch is pre-
sented in Figure 1 {See Annex 2}. The combustion takes place
in the inner vertical channel. This channei is formed around
a stick which during loading is placed in the center of the
<tove and after loading is removed. The body is shaped in

«ne ‘orm of a bucket with an opening at the bottom.

N
.

coog material for briceett (ro,

le z
1st:cs cf cAouncnut snell
- by

RS briguelites are
afai wocs. the tricesties conoser s oar o foel
o ge Fef 10 . In 1985 & groundnut enellc
ori mme was started by tne UNSO, the Darish
ots - ACTETET L. LEIT 435 5 T.ilill ~
oo .nion concerning ine econoricetr feasibiiity of suth & pro-
ject since Ref. 23 states that groundnutl sheil briquettes are
too expensive in comparison to fuel wood.

5.18 To produce a substitute for charcoal from wood,

groundnut shells can be carbonised in a Herreshcff kiln <(See
Ref. 6', the smallest of which has a capacity of 50.000 t/yr.
Tris  arount ic of the order cf the total Sudanese grourcout
shell surplus See Chapter it . Groundnut shells carsorisa-
ticr is therefore not a likely development.

£

P Though Red. £ investigntes the economical feasibillt:
of & fluidised bed grouncnut shells gasification plent for
© ce 1\' tn a ::‘Ouﬁ"ﬁ;‘y“ ~33

~
11, fiuirdised gasification of ¢ gnut shells 1o not  at
gil & pr0ven technology. Oriy shelliing piante &ng or cii

)

n
lis
ce  heat and electric power supp
r Lﬂ
1
14

: [ Ttk : .
4l Lotouad Lt COT L Ll d -~ [=3 )
~
i

P T .-
bope.sr,  ges:ficetion 1€ nmot the rost appropriste ~9”Wﬂ_Aq_»

fcr these industries 'See Chapter \i .

{narcoal stove projects

Yl I 1983 the Sudar Renewable tnergy Froject Srlk
stertec & stove gro Ject to commercially develop anc dissemi-
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V.3

nate a stove designed by the University of Khartoum and Afhad

College for Women, the Canun-el-Duga. Two versions of this

new design, an open-draft model and a controlled-draft model

are schematically shown in Figure 2 (See Annex 2}. The advan-

tages of this new design are (Ref. 7):

- Its efficiency is about 25 %, which is approximately 39 %
better than the traditional metal stove.

- In contrast with traditional stoves, the stove accepts
charcoal fines.

- It is easy to use.

- The cooking time 1s decreased.

The current discemination rate is about 850 stoves per month,

which, in view of the necessary reduction of fuel wood con-

sumpotion, is not much {See Chapter It .

-

5.2 The reasor of this slow implementation 1s probably
the high production cost of the Canun-el-Duga. The price of a
Canun-el-Duga is about LS 15, whereas a traditional stove
costs only about LS 3. This problem is clearly recognised in
Ref. 8. Still, the report expects that further progress in
dissemination of these improved charcoal stoves can be iade
by better understanding of the market and improvements 1in
production technique. Apparently. the design 1s considered
adequate from a technological point of view. For the dissemi-
nation of the new stoves the RERI formed a Technology Deve-
“anment and Disseminat:ion Unit.
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CONCLUSIONS

\ew resources

.28 4s to the use cf cotter stalks the two options of
rect briguetting anc of combined carbonisation briguetting
ula be further evaluated. Both technclogles need furtner
arch. The expectec Legasse surpivs must be beles as &

step to use bagasse as & substitute for fuel wood or
cel. The eccnomical viability of baling end further
scing needs further study. Suitable technologies for the
er processirng of bagasse exist.  The most  atiractive
(. (=29
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s holier furnmaces or in cockstoles

10 1
ter briquetting ' im bakeries or briack kilms .

Tharcoal stove prciects

5.z The projects tryving to antroduce mcre efficient
‘ ;

charconal stoves are 1n need of a strona impulse., especially
|

woih respect to the design of an efficient end chean mordel.
| | |
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VI

THE ECONOMICAL FEASIBILITY OF SOME NEW PROJECTS

6.1 In this chapter the feasibility of a bagasse baling
plant 1is discussed. A pre-feasibility study of cotton
cosl’/molasses briquette production is currently being pre-
parec¢ Ref. 2. Finally, some short remarks sre made concer-
ning cugeneration in o0il mills.

Bagasce conditioning at Guneid sugar factory

6.2 It 1s expected that in the near future the bagasse
surplus will become a severe problem for the sugar factories
~See Chapter 1V,. Tihe factories have a choice to either
install incinerators, to bale and sell the bagasse or to
produce cJrplus electricity and sell this to NEC. The sale of
electricity requires a large investment and is not likely to
be realised at short notice (See Chapter IV). Merz ard
McLellan (Ref. 23) did not consider the sale of bagasse bales
to industry. For this reason the incinerating and baling
options will be reconsidered here.

€.5 This study is set up as a case stucy for Guneid Sugar
Feartooy. The prodoction “icures are tawen frov e, I3 eath
tne  fibre content gs tnz melf parameter. -t Gune.d., the mean
firre cortent over the sezgcn g oestirated Lo ove [ S, Tesll-
tino irn g prolected hegasse surplue of ATLUL30 f ar., drne
a srzge execs bagasse is estimeted &t 21l 0t Lev.  The niumber
DT wITelnI=B0oln LTowl et oD N A
ecouming I DD Gay 1€ SN0WT 1T ADMIEN 4 .

Bagasse 1ncineration cost

£.4 Cost " incinerating bagasse decreases with lower

inci~~-~ation capacities. 5Storage of a certain amount of ba-
gasse, and 1ncineration during an accordingly lcnger period
:n smaller _..cineraters may  therefor be profitable. It
snould be notec, however. that stcrage needs imporani  1in-

5 :
vectme’ Ls . Belt convevors, bulldozers., treiiers. storage
arez, and alsc calls for operating costs. Aceguete sizing of
1cineratnr  capaciiy is therefcre @ matte- ¢f optirizatior
‘ne two extreme cases of 1 smallest possitie i1ncinersation
capac:tyv  combined with large storage facilitiec ang i ir-

cineration capacity accorc:nag tc the average snrplus baagasse
production.  will be consligered here. The steoraze volume is
F . . . ror . .. -

D e N S T A S P [R5 IO SOV EEERN UL S

+ ~

1 ew Haifa is that bagasse can be stcred witnoul any pro-

ceseing or covering for a few montns. ihe season being about
- . I

ZC3 davs/vr, it 1s assumed in this study that the entire

bagasse 5urnlus can be burnt during the whoie vear. 7 the
numaéz of annual working days 1s set at 300 oafsryr the
rneeded storage and 1ncinerator capacitiesare 70.500:t ‘at end
of crop-  anc 210 trday respectively. Bagasse as ‘oroduced
vensity 1s 160 kg . Tnerefore,. storage cf tnie amount cf
bagasse needs an sres of 25,600 m“ .Bagasse piliec-up to 5




height). Bagasse handling can be carrieg out by one bulldozer
and a tractor with threec 6 x 2.45 x 2 m” trailers. The ares
must be prepared with a concrete f)oor and walls. from the

of investment costs (Table 6.1) it can be concluded
that both options will be almost equal 1in their economic
performance. The mecst simple solution, viz. 1ncineration
without storage, will be taken as a reference for evaluation
of installing and operating a bagasse baling plant. Cost per
ton incinerated bagasse ~mounts tc 6.45 US$/t, see Table 6.2.

overview

Table 6.1 Investment and anualized costs of a bagesse 1ncireration plant at Gureld Sugar Factory,
Svster A: With storage capacity, incineration capacity 26 t/hr: Svstem B: Without storage
cgpacity. incirerstion capacity 40 t/hr.

Cost 1tem System A System 3

Lifetime Irvestment Amualized* Lifetime Investment Anualized*

(yr) cost (US$) cost (US$/yr} (vr) cost (US$) cost (US$/yr)

Incinerator** 25 1,925,000 212,075 25 2,500 279,827

30,000 m SEorags ares 30 300,000 31.824 - - -
{a 10 US$/m™"

1 Bulldczer 1 5C.00 .. - - -

ST 2.096,050 NP R Ne4 § 27s.e27

*:  roer the assamtion of a fixed aciscount rate of 1C %vr.

LT LDl

TECIITL SVSLED AT a3t TENo.a: €L LU,

Bagasse baling cost

6.5
assumption

The bagasse baling capacity 1s determined under the
that baling on an as produccd basis is the cheap-
est sclut.on. namelv, 40 t'nr. Storage must be assured for
twe  montm. During this periccd the bales dry. Subsequentl,
thev are trancported and scic. Twe month stcrage corresponds
tc & storage capacity of 18.037 t. The bales are pilied-up to
z. neignt of 9 m 1n stacks of ZG x 37 m on an zre~ of 13,730

m’ {Inclucing room for claiming and reclaiming’. \ecessary e-
quipment and 1ts cost 1s mentioneg in iable 6.3. In lable 6.4
cost por t paied bagasse .s calculated, viz. 3.22 USE t ‘mcwb
L.3% Lfrer ¢gmving the ancunt of beoasse reduces with g
factor ULol, INus, prooultIon COSt pEr L COTY Dales DARGESC S

mewd G.20




Table 6.2 Annual costs of a bagasse incinerating plant (Ca-
pacity: 40 t bagasse per hr} at Guneid Sugar Facto-

Ty.

Cost item Annual cost (US$/yr)

Annualizecd capital cost 279,827

Annual operating cost*
- manpower:
3 man vear (unskilled;>* 548
- maintenace and repair 127.000
5 % of investment per yr.

e ———— - - —— - - — - — i - - — = —— - - —

*: Feeding system power consumption excluded (Own genera-
tienj.
**: Unskillec-labour cost: 0.9 US$/day, 203 day/yr.

Texle .1 Inecstment  anc annue.izec  cosis of a bagssse  Sa-
1iNG pasht at Guneie LUGEI racloly Capeliis e
L [ S G T sebeand 2 LRI
VI ceet TUSS cost LT
Baler 10 240,000 23,598
Building2 30 220,000 23,337
13,730 m Eorage area 30 137,300 14,565
fa 10 LS%/m")
1 Bulldozer 10 50,000 g.137
I Tracter with 3 trsilers e 21,050 2.826
TOTAL 668,350 73,03

*: Unaer the assumption of a fixed disco "t rate of 1C % vr1.

6.6 The wood fuei consumption in Khartoum Frovince in
1984 was 161,610 t/vr (3.27 10°° kd/vr see Ref. Z1. The
bagasse surpius at Cuneid Sugar fe v 15 expected to amount
to U.62 x 62,130t ‘mewb 0.50.,yvr = 39,141 t dry imewe  GLZ0
bagasse bales per vear, With a LH\ of 13,500 kJ/kg, thris
corresponds  to 5.28 1077 kJ-vr, which 1g 16 % of the fuel
wOGO  ENETgY consumplion 1 tne‘ﬂnartuum Frovince ingusiriec.
for convenlence the economic pe;formance of & bagasse Uslling
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plant will be related to the deliverance of bagasse bales at
Omdurman industrial area.

Table 6.4 Annual costs of a bagasse baling plant (Capacity:
40 t hagasse per hr} at Guneid Sugar Factory.

Cost item Annual cest (US$/vr!

Annualized capital cost 73,063

Annual operating cost*

- baling wire 94,695
- labour:**
skilled (4 man yr) 1,462
unskilled (2 man yr) 365
- maintenace and repair 33,418
(5 % of investment per yr)
- diesel fuel¥*** 3,756
TOTAL 206,759
Cost per t bagasse baled (US$/t, mcwb 0.50] 3,28
Cost per t bagasse baled (US$/t, mcwbt 0.20, 5.28
> LieCiric powel CONSJMBLLC X ceu . Swi generatilrn .

i

*+: Swilied-lanour cost: 1K
Unskillec-labour cest: 0.9 USS:

=++: [1ege’ fuel cost set &t D.28

o

v. U3 day vr.
dev. 203 gay 'vr.
t

Delivered cost of bagasse bales in Omdurman

6.7 The distance from Guneid Sugar Factory to Omdurman
Industrial Area 1s 138 km. The condition of the roads between
the factory and Omdurman is excellent. Cargo transport costs
bv lorry depend on a large number of factors, among them
variaocle costs like repair anc maintenance. tires, fuel and
lubricants, which are usuaily calculated on a per kilometer
basis, as well as fixed rosts as capital and labour which are
nurmally calculated on e jer time unit basis. for this pre-
feasibility study the transport price is set at C.1Z USE't
km. assuming that a 40 t lorrv can be loaded to full capaci-
ty. Transpcrtation cost of dry bagasse bales to Omdurman
amount tc 15.36 US$/t. Total delivered cost cf dry bagasse

koier  then ogmagat 4o 20065 €8t WiEE refarence o the
energy  content  LHV = 13,510 kJ/kg)éthe delivered cost of
bagasse bales in Omdurman is 1.53 10~ US$/kJ.

Prices

6.8 This figure can be compared with the price of energy
from fuel wooo. The avarage fuel wood price in Omdupman is 36
st t. or, with a LH\ of 16,000 kJr/kg, Z.00 10 ° USS wJ.
which is 21 % higher than the delivered cost calculated for
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bagasse bales. Bagasse bales are therefore expected to com-
pete well with fuel wood.

6.9 f break-even price for baling and selling the bagasse
surplus, with reference to the option of incinerating the
bagasse surplus, is determined as follows. The cost cof in-
cinerating the bagasse surplus is 407,375 US$,/yr, whereas the
cost of baling and sellirg amounts to 20.64 US$/t x 39,141
t/vr = 807,870 US$/yr. Tre incremental annual cost are
400.495 US$/vr. While processing 39,141 t dry bagasse bales
per vyear, the option of baling and selling the bagasse surg
plus is to break-even at a price of 10.23 US$/t {0.76 107
US$/kJ), which 1in view of the price of energy from wood 1s
very promissing.

Financial appraisal

6.10 Assuming that Guneid Sugar Factory is able to sell
the Yales for 23.91 US$/t (1.77 107~ US$/kJ), its revenues
amount to 935,861 US$/yr. tUnder the same assumption the pay-
back period of the investment is 0.74 yr, which 1is wvery
attractive.

6.11 Merz and MclLellan (Ref. 23) calculate cost and bene-
fits for the option to produce and sell surplus electricity
to the grid. For Guneid Sugar Factory they propose to install

& .. "u cochcernsing turbire aenecator set.  for operaticn in
Les L0LEC.  LOSL SNG beneiits aTe estimatec to pe 7,560,000
gro S.OLC,T0D LSevr, or gt tne exchange rete used. 1,245,000
ans L,512.000 USt vr resmectivels. Althouah the net estimatec
berneriioe, 2,454,000 USS vr, ere subctantially h:ﬂher than in
- - PN S - ) N o 1,, 19 - o~ L. ¢ [
FORC: SR e O U v o £ Sl aul T

.or is of the opirion that tne ba 1100 may notl De

rlegig 1z

discarded immediately. Electricity exp to the grid z-
quires the solving of severe organizing problems, 1like the
co-operation with NEC and the negotiation of tariffs. The
question whether NEC is able to accept surplus electricity
from the suger factories is not considered by Merz and Mclel-
lan. Contrary to electricity production, baling and selling
cf begasse can -~ organlzed easily.

6.12 Bzling is & profitable alternative to incineration of
the  bsuasse surplus. It should be considered also as  an
glternative to 1ncstallment of condensing turbo-gensets &nd
sale of surplus electricity to the grid.

Cogeneraticn of peat and power 1 01l mills

€.12 Cogeneration of heat and power may be ar interesting
optlon or vegetatie o1l miils, especially for those piants
which geerate the:r own electricity from diesel fuel. It

economic feasibility should be investigeted thoroughiy. Un-
fortunatesy  the Fission's stay 1n Suc3n was too short so e




to enable the Mission to select and visit o0il milis not
connected to the grid.

6.14 Cost of energy supply may be reduced further by
replacing diesel o1l or fuel wooc by milling wastes. Many oil
mills process various sorts of seeds, e.g. cotton seeds,
sesame seeds and groundnuts. Onlv groundnut wastes are =&
potential alternative for fuel wood. Therefore, fueling with
groundnut shells should be included in the consideration. Due
to the varying production, groundnut shells are not alwavs
available. Consequently they cannot entirely replace fuel
wood. Therefore a multi-fuel boiler (wood/groundrut shells:
must be applied. lhis is only possible with direct combustion
furnaces, not with gasifiers. Moreover. the gasification of
groundnut snhells 1s not yet technically feasible. ror this
reason the following alternatives should be evaluated:

A) Installment of a multi-fuel (wood/groundnut shells) pro-
cess steam boiler/furnace and of a diesel power generator.

B) Installment of a multi-fuel (wood/groundnut shells)
boiler/furnace, cogenerating motive power and process
steam;

C) Installment of & wood gasifier, cogenerating motive power
and process steam;

Special attention should be pard to the advantage provided by
the pessibiiity of fueliinc groundnut shelils in Alternstives &

anc t. 1nls &diantage stancs Gul mOST N ~iternatlie k.
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ANMEX

1

HEATING VALUES

The following lower heating values are made use of:

Acasia fuel wocd:

LHV = 18,000 kJ/kg {wet basis’.

Bagasse:
LH\ = 17.765 - 5,020 suc - 20,270 mowb kJ/kg,

with suc = sucrcse mass fraction ‘All values on wet basis..

It is assumed that the sucroce mass fraction of bagasse 1is
£.025 and that the moisture content is 0.505.

Molasses:

There are no heating values mentivred in literature referred
to in this report. Molasses are a mixture of water, sugars
(sucrose, glucose, fructose), othe~ carbohydrates, ash, ni-
trogenous compounds, non-nitrogenous acids, wax, sterols and
phospholipids. Sugars are the must important compound. At
average cane sugal molasces contain 51 % sugars, 20 % water

arg 12 % zeheg wet hacis . Bazsec on everaged \aluee cf the
20 LLELILLn OT Cant Sugel Wi leSs€s. 85 DTESENLEC L BEl. oo,
Tre tgilowinc estimate  ~ 10 % 18 mage of tne lower  neating
NI

L - T TOO LT e ek memse mas 00

_ = . N (RSN Er Lo e e Loe e

LG P B - - L ver [

LRz BLTol kS WC wel bactic. mowWD U.ie o,

for the purpose of the present study these values are give
with sufficient accuracy.

Cotton stalks:

LHY = 16.0CC ¥J’'kg ‘wet basis .

~
GToungnut she.ls:

e

He 1B.00C k2 ko wet bas:s
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ANNEX 2 SUDANESE IMPROVED COOKSTOVES

Figure l: Groundnut shell cookstove.

L, 950
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Fi ure 3: Three Sudanese improved stove types. From the left
to the right: the Jiko, a sawdust stove and two Canun-el-duga.
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ANNEX 3

BAGASSE BALING AT GUNEID SUGAR FACTORY, ASSUMING 22 WORKING-
HOURS PER DAY

A3.1 Assuming 22 working-huurs per day ‘instead of 8
* working-hr/dav. Chapter \1), the capacities c¢f considered
incinerating and baling plants charge accordingly. Costs of
ir:inerating plan.s are shawn 1in Tables A3.1 and A3.2. Alter-
native B, without storage, 1is now ~learly lass expensive thanr
alternative A, due to the omittance of storage capacity and
equipment. Direct incineration is therefore taken as a refe-
rence to the baling cption. Incineration cost amcunts te 2.30
US$’t ‘mewb: C.5C°.

A3.Z Costs of bagasse baling, making use nf a 14.1 t/nr
baler., are r1eviewed in Tables A3.3-22.4, In this case the
cost c¢f delivering bagasse bales gt Omdurman industrial area
amounts to 20.15 US$/t or 1.49 10 US$/kJ (mcwb: 0.20).

A3.3 The break-even price for bzling and selling the
bagasse surplus,6 with reference to incineration, is 16.44
US$/t or 1.22 107 US$/kJ (mcwb:0,23). In case of selling the
surplus for 21.75 US$/t (1.61 107~ US$/kJ), annual revenues
amount to 851,360 US$/yr. The corresponding pay-back period
is 0.60 yvr.

Tenie SIL1 Jnvestment  2nC gvallzes ooets Cf

- Tctor Le e me s oo e
> PR R .

Vel TUITENE TalallTh .

SLorad¥ canacit.. 1INCITeTalldr Casatilh .-l LonT.

Lifetime Imvestment Avrualized® Lifetime Irvestment Anualized*
‘yr; cost (US$: cost (US$/yr) fyr; cost (US$) cost (US$-vr,

incirerator=* 25 71e.30C 79,100 25 895,30 9547
3C.00C n” Siorage area 3 30C.00C 31,82+ - - -
e 10U RS

1 Bullaoezer o 5C, 00 g,137 - - -
1 Tractor with 7 otrailers 10 21.35C 2,426 - - -

AT = o= oc 7 s
TCTAL 1,020,03C 122,87 £95,250 95.5%

*: Uwer the assumplion of & fixed discont rate of 10 oyr.

CoLTILALTE, TemLdTe S SUE2T G wS T s, ENElIT .




Table A3.2 Annual costs of a bagasse
pacity: 14.1 t bagasse per hr; at
Factory.

incinerating plant (Ca-
Guneid Sugar

Cost item

Annual cost (US$/vr,

Annualized capital cc:t 26, 640
Annual operating cost*
- manpower:

S5 man vear (unskilled!>* 1,644
- mg1intenace and repair 44,770

.9 % of investment per vr!
TOTAL 145,054
Cost per t bagasse (US$/t) 2.30
*: feeding system power consumption excluded (Own genera-

tionj.
*»: Unskilled-labour cost: 0.9 US$/day, 203 day/yr.
Tpmie L3I,% Imvesgtment  anc annuallzeo coests o & Dooasse
beiinc plant at Guneic Suger Fecters Capacity
i- ol U hr.
vr.ocest USE cost uUstoar

Baler 10 84,600 8,318
Building 30 220,000 23,337
12,730 m SEorage area 30 137,300 14,565
‘a 10 US$/m™:
1 Zulldozer 12 50,000 £.177
1 iractor with 3 tratlers 10 21,650 3,426
TOTAL 512,950 57,783
»: Unger the assumption of & fixed ciscount rate of 10 %, y-

| 3 4




Table A3.4 Annual costs of a bagasse baling plant (Capacity:
14.1 t bagasse per hr; at Guneid Sugar Factors.

Cost item Annual cost {US$ yr’

Annualized capital cost 57,783

Annual operating cost*

- baling wire 94,695
- labour:**
skilled {12 man yr, 4,386
unskilled (6 man vr’ 1,005
- maintenace and repailr 25,646
(5 % of investment per yr.
- diesel fuel*** 3,756
TOTAL 187,363
Cost per t bagasse baled (US$/t, mcwb 0.50) 2.97
Cost per t bagasse baled (US$/t, mcwb 0.20} 4.79

————— v ———— —— - —— T — — Y — Y — — - — T —— g - -

*:  Electric power consumption excluded (Own generation..
*+: Skilled-labour cost: 1.6 US$,day. 203 day.yr.
Unskiiled-labour cost: (.9 US%‘dav., 203 da\ '\r.

e+2s Dhpeni Fpl Aact cor ot 7 78 CC

(=4 e e -~
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ANNEX &

LIST OF VISITS

ERC:

Mr. Shomc Sha'a Eldin Ali,
Assistent Coordinator, Special Energy Programme.

Mr. Gasfar £1 Faki Ali,
Assistent Coordinctor SREP.

Mr. dr. £1 Taveb ldris tisa,
Coorcanator SEP, Director E£RC.

Mr. dr. Ahmed Hassan M. Hood,
Researcher Renewable Energy Research Institute.

Mr. dr. E1 Sheik E. M. Magzoub,
Project Leader Fuel Wood Combustion, Sudan Renewable Energy
Project.

Mr. D.B. Peterson,
Georgia Institute of Technology, Chie® of Farty Sudan Renew-
able Energy Project.

Mr. dr. M.0. Sid-Ahmed,

Oirecicr ferewstle tnergy Research institute.

Ve, omiriLerrg, Flvouz Wavlizzgen.
eucaches Lesellecheft  fuer Jechnische Zusamrenzarhe .t GlI
LR ) Ty - * - C -~ Iy - - - - v
(e Solar sdviscr Specie!l bnergy Programme.
P P PPN - -
Fcrectz agrinsstralion

tir. J.B. Ball,
Project Manager, Fuelwood Development for Energy in Sudan
(GCP/SUD/033/NET )},

Mr. A. Paddon,

Eilomass Energh Section Tropice!l Development Pegesrch
Irstitute, Culbham. Oxon. United Kingadom, Fuelwooc Develop-
ment for fnergy in Sudar "GIP-SUD G232 °NET

\EZ Minietry of Eoergy anc Mining

Mr, ", Drpnr ina,

Coordinator (UNSC/SUD/82 'X04 .

[ T

)
- O
LOT weneldl M.

Mr. Manmouc F. L1 Hake.m,
Corentional Erergy bept. AELA.

fir. Ilir Hevdari,
“i~  Serior Adviscr trergy Fianning and  Management Froject,
tnera. Uevelopment (nternationzi.
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Mr. D.W. Pluth,
Chief of Party Energy Planning and Management Project NEA,
Energy/Development International.

Industry:

Mr. Ahmed Mchamed Al-fadl,
Owner and General Manager of Al-Fadl 01l Industries. P.C.Box
781 Gmdurman.

Guneid Sugar Factorv.

UNIDO {Khartoum':

Mr. F.M. Igbal,
Director UMNIDO Dept. Khartoum.

Mr. P. Versteeg,
Others:
Mr. M. Yoffée,

Senior Adviser Product Design and Marketing UNDP/ILO, c/o
UNDP Khartoum.




10.

b
b—

-
~y

. FWAP ‘Geisenheim, 7.R.G.', Gasi‘icet

REFERENCES

Improved biomass cooking stove for household use, Forest
Products Research Division, Royal Forest Department, Ministry
Of Agriculture and Cooperatives, published by the Naticnal
Energy Administration, Bangkok, 1984.

. Coal from cotton stalks as a domestic fuel, Biomass Technolo-

gy Group (Twente Univesity of Technology, The Netherlands;,
under preparation for UNIDO, Vienna.

. Bussman, P. (ed.). Field scudies: Woodburning cookstoves,

University of Technology Eindhoven [The Netherlands , £indho-
ven, 1984.

Deutsches Gesellschaft fuer Technische Zusammenarbeit (GT1Z)
GMBH, Utilization of biomass. Phase I: Literature survey and
project proposals, SEP Ref. PN 79.2066.3, Khartoum, 1985.

Deutsches Gesellschaft fuer Technische Zusammenarbeit (GTZ)
GMBH, Utilization of biomass. Phase II: Results of field
study with detailed project proposals, SEP Ref. PN 79.2066.3,
Khartoum, 1985.

100

[P P - L F 4 P : N

ucca LT Akl Fae Fu . Cetie e cenem Bl Uugée: TLICweC
e =) Cuo 3 i D oo -

Trhercoel Cicoves for othe Suce BT 5RIP iecl

- Trmcs & LI [, —~ P A v Lo 4 -
ue’ imetltule CQF 1ecnnoiosy and oudah henevallie LNer

Project. Tnird Annual Report to USAID, 1985.

. A.H.M. Hoad, Energy irom non-woody biomass in the Sudan, NCR,

Khartoum 1984.

Intermediate Technology Consultants, fuel briquette feasibi-
lity studyv: Groundnut shell supply, briguette acceptability
as ‘uel, London. 1984.

¥amal Mohamed OCsman Satti snd Jon Marlowe Dorré: Charcoel
Conversion Efficiency in Sudan's Traditional Earth-Covered
kiirn. SREP Report no. 10, Khartoum. 1985,

. lerz and ficLellan, Ffeasibility study on feeding naticnal

electricity systeme wath excess power from existing sugar
factories, Finistrv cof Finance anc Economic Planning, Khar-
tourm. lvel.

Yearbook of agricultural statistice 1974, Ministry of Agri-
culture, Tond and Natinzl Resources. Vhartoum 1974,

Yearbook of agricultural stestistics 1977. Ministry of Acri-
culture. Food and “\atinal Resources, Khartour 1977,

vearbnok of agriculturar etatistics 1984, Ministry o
culture. food and National Resources, Khartoum 1984.

38




93

26.

2.

Current agricultural statistics 1984, Ministry of Agricul-
ture, Food and Natinal Resources, Khartoum 1984.

Sudan national enerqgy assessment, forestry and wood fuel
resources, NEA, Forests Administration, Khartoum, 1983.

Sudan National Energy Assessment, Executive Summary, Ministry
of Energy and Mining, NtA, Khartoum, 1985.

Base Year tnergy Supply/Demand Balances i «d Demand Projection
Methodologv, Annex 1, Ministry of Energy and Mining. NEZ,
Khartoum, 1985.

National Energy Plan Committee, The National Energy Plan 1985
- 2000, Ministry of Energy and Mining, NEA, Khartoum, 19E5.

NEA Enerc: News, Voi. 2, no. 2, Ministry of Energy and Mi-
ning, NEA, Khartoum, 1985.

Patiruu, J.M., By-products of the cane sugar industry,
Arm_terdam, 1982.

Schmitt, K. and Siemers, W., Energy from Agricultural Resi-
dues and Energy Utilization in Small Scale Industries in the
Sudan. University of Coettingen 'F.R.G. . Goettingen. 1985.

Set o Stecuvhorm Swedern , X Freinmvestment Study for  Fuel
o — ~ ks —_— N - t e - P - ~ r P S ~ —_
Sroglcte rorolorTiogltoerel vaster for Fower Generacicn and
Houcehole Consgmot on PimgetTy of Tneros and Minimo, AEAL
L R
rhetodm, 19E°

-
1§

Sudan: lssues ano Optlunce in the Lnergy Sector, UNDF wor.ud
Bank Report no. 4511-5u. Weshirgton, .983.

Zorge, A., Demonstration Programme on Use of Indigenous Bio-
mass Resources for Meeting Energy Needs, UNIDO Ref.
RP,RAF /85/627, \ienna, 1985.

Vatal Mohamed (smar Satti, Tne producticor of fuel-btleooks from
baocasse, forests Dept. f &0, Knhartoum. 1956,

UNSO/NEA, Fuel briquette production and promotion of improvec
couking stoves, wWashingtor, 1987,

39






